Using 1-butyl-3-methylimidazolium hexafluorophosphate ([BMIM] [PF6]) room temperature ionic liquid (RTIL) as extraction solvent, tetrahydrofuran (THF) as disperser solvent, the organophosphorus pesticide dichlorvos in water was determined by dispersive liquidliquid microextraction (DLLME) combined with high-performance liquid chromatography. Factors affecting RTIL-DLLME (type of disperser solvent, amount of RTIL, volume of disperser solvent, percentage of NaCl and volume and pH of water sample) were optimized by the single-factor method, obtaining the most favorable results when using 65 mL of [BMIM][PF6] and 260 mL of THF to extract the compound from an 8-mL water sample at pH 5.0 containing 25% (w/v) of NaCl. Under these optimum conditions, an enrichment factor of 215-fold was obtained. The calibration curves were linear in the concentration range of 2-1,000 mg/L. The limit of detection calculated at a signal-to-noise ratio of 3 was 0.2 mg/L. The relative standard deviations (RSD) for six replicate experiments at 20, 100 and 200 mg/L concentration levels were 1.8%, 1.3% and 1.3 %, respectively. Then the proposed method was applied to the analysis of three different water sample sources (tap, farm and rain water) and the relative recoveries and RSD of spiked water samples were 95.6-102.4% and 0.6 -3.1%, respectively, at three different concentration levels of 20, 100 and 200 mg/L.
Introduction
Organophosphorus pesticides (OPPs), which can be released into the environment from manufacturing, transportation and agriculture applications, are widely found in water resources. In most cases, these compounds display high acute toxicity and do great harm to humans and the environment (1) .
Generally, OPP residues in environmental water are often present at trace concentrations, so they are not directly analyzed with conventional chromatographic methods such as high-performance liquid chromatography (HPLC) and gas chromatography (GC). In most studies, the compounds of interest have to be concentrated to reach the minimum level required for each particular detector.
Two of the most common methods for sample pretreatment are liquid -liquid extraction (LLE) (2, 3) and solid-phase extraction (SPE) (4, 5) . However, LLE consumes large amounts of time and organic solvents, which are potentially toxic. SPE requires a specific device loaded with a certain adsorption material, and it often suffers from the plugging of cartridges and consumption of appreciable amounts of toxic solvents at the elution step. Most importantly, the enrichment factors of both these methods are low. To overcome these limitations, microextraction-based techniques such as liquid-phase microextraction (LPME) (6, 7) and solid-phase microextraction (SPME) (8, 9) have developed quickly. Among these techniques, liquid -liquid microextraction (LLME) is a single-step extraction with a high enrichment factor of analytes due to the high sample-to-solvent ratio. As a result, conventional LLME has been proposed as an efficient alternative to LLE (10, 11) .
In recent years, a novel LPME technique termed dispersive liquid -liquid microextraction (DLLME) (12 -15) has emerged as an attractive alternative for sample preparation due to its primary advantages: simplicity of operation, low time and cost, low consumption of organic solvents and high enrichment factors. The DLLME procedure is based on a ternary component solvent system similar to homogeneous LLE (12, 15 -17) . In this method, a mixture of extraction and disperser solvent is rapidly injected into the aqueous sample, which leads to the formation of a cloudy suspension consisting of fine droplets composed of extraction solvent -disperser solvent-water.
For the DLLME procedure, the selection of a suitable extraction solvent is of high importance. In general, extraction solvent should satisfy the following requirements: first, immiscibility with water; second, higher density than water; third, high extraction capability of compounds of interest, and finally, good chromatographic behavior (18, 19) . During the last years, carbon tetrachloride, chlorobenzene and dichloromethane have been widely used as extraction solvents in DLLME. However, most of those extraction solvents are highly toxic.
Compared with the conventional extraction solvents mentioned previously, room temperature ionic liquids (RTIL) have unique advantages: they are less toxic, less contaminating and less volatile, and provide better solubility for most organic and inorganic compounds, higher thermal stability and a wider temperature range as a liquid phase (20) (21) (22) . Referring to those advantages, RTILs have been applied widely in DLLME and some other extraction techniques. 1-Butyl-3-methylimidazolium hexafluorophosphate [BMIM] [PF6] is one of the RTILs that have been employed in DLLME. It has been used as extraction solvent for the determination of biogenic amines in beer (23) .
In this work, [BMIM] [PF6]-DLLME has been combined with HPLC-ultraviolet (UV) detection and applied for the extraction of dichlorvos in water samples. [BMIM] [PF6] was demonstrated to be a suitable extraction solvent for DMLLE. To achieve the best extraction efficiency, some parameters related to DLLME were optimized and the proposed procedure was applied in the analysis by HPLC of water samples from three different sources. The samples of tap water were collected from our laboratory (Nanjing, China). The samples of farm and rain water were collected from the local area of Nanjing. All of these samples were twice filtered through a 0.45-mm membrane and stored at 48C before being used.
Experimental

Chemicals and solvents
Instrumentation
The chromatographic system was the Shimadzu LC LC-10ATVP series (Tokyo, Japan) equipped with an LC-10 ATVP pump, a 7725 manual injector, an SPD-10 AVP detector and an N2000 workstation (Zhejiang University). Separation was carried out at room temperature on a reversed-phase Alltima C18 (150 Â 4.6 mm i.d., 5 mm) column. An 80 -2 centrifuge (Jintan Hengfeng Instruments Co.; China) was used for centrifuging. The UV spectra were obtained from an UV-2401 PC UV-vis recording spectrophotometer.
DLLME procedure
Eight millilitres of doubly-distilled water spiked with analyte was put into a 10-mL centrifugal tube and the pH of the water sample was adjusted to 5.0 with 37% HCl. NaCl was added until a concentration of 25% (w/v) was reached. Subsequently, a mixture of 65 mL of [BMIM] [PF6] and 260 mL of tetrahydrofuran (THF) as extraction and dispersion solvents, respectively, was rapidly injected into the aqueous phase and many small drops were formed. The sample was softly shaken, a cloudy suspension consisting of water, THF and [BMIM][PF6] was quickly formed and the analyte in a water sample was extracted into the fine droplets of [BMIM] [PF6].The mixture was then centrifuged at 4,000 rpm for 10 min and the dispersed fine droplets of [BMIM] [PF6] settled to the bottom of the centrifugal tube. The upper aqueous phase was removed by a syringe and 10.0 mL of the settled phase was withdrawn using a 25-mL microsyringe and then injected into HPLC for quantification.
Calculation of enrichment factor and relative recovery Enrichment factor (EF) and relative recovery (RR) were used during the optimization and validation of the extraction conditions. Eqs. (1) and (2) were used for calculation of enrichment factor and relative recovery:
where C sed and C 0 are analyte concentration in the sedimented phase and the initial concentration of analyte within the sample, respectively. Calculation of C sed was done by direct injection of dichlorvos standard solutions in water (the solubility of dichlorvos in water is 10000 mg/L):
where C founded , C real , and C added are the concentrations of analyte after the addition of a known amount of standard to the real sample, the concentration of the analyte in the real sample and the concentration of a known amount of standard that was spiked to the real sample, respectively.
Results and Discussion
HPLC-UV method
As shown in Figure 1 , the maximal absorbing wavelength of dichlorvos is 210 nm. However, 210 nm was not chosen as the detection wavelength of dichlorvos in this experiment. This was because a smooth baseline at 210 nm was not obtained during the HPLC procedure. According to preliminary experiments, we found that the appropriate wavelength of dichlorvos was 230 nm. However, Figure 2 clearly shows that the RTIL also had very strong absorption at 230 nm, which might submerge the peak of dichlorvos. To solve this problem mentioned, we chose 360 nm as the detection wavelength of RTIL and 230 nm for dichlorvos, respectively. Therefore, in this study, the wavelength setting was as follows: 0-9 min performed at 360 nm and 9 -12 min performed at 230 nm. The mobile phase consisted of methanol and distilled water (48:52, v/v). The flow rate was 1.0 mL/min, and the injection volume was 10 mL.
DLLME optimization In the [BMIM]
[PF6] -DLLME procedure, various extraction parameters could influence the EF and thus were investigated to obtain optimum values. In this experiment, triplicate extractions were performed for all experiments and the average of the results was used in preparation of all the curves.
Selection of disperser solvent
In the DLLME procedure, the extraction solvent is dispersed entirely into the aqueous phase with the help of disperser solvent, which can decrease the interfacial tension. Therefore, the choice of a disperser solvent with appropriate miscibility in both extraction phase and aqueous phase plays an important role in the DLLME procedure. In the present work, four possible solvents, including methanol, THF, acetonitrile and ethanol, were selected as disperser solvents, and the results are shown in Figure 3 . When methanol was employed as disperser solvent, a very low volume of sedimented phase was obtained, which was not enough for sample injection, and therefore the EF value of methanol could not be obtained. As shown in Figure 3 , the EFs of acetonitrile and ethanol were only a bit lower than THF.THF gave the highest EF and an appropriate volume of settled phase. Therefore, the experiments were subsequently accomplished using THF as disperser solvent.
Effect of [BMIM][PF6] amount
In the DLLME procedure, the amount of extraction solvent was a crucial parameter that would have an important effect on the extraction efficiency.
To study the effect of extraction solvent amount on the EF, a series of experiments was performed by changing the amount of [BMIM] [PF6] within a certain range (55, 60, 65, 70 and 75 mL) with other conditions kept unchanged. Figure 4 The reason was as follows: if the amount of extraction solvent was low, the extraction capability of extraction solvent was also low. As a result, the EF was low. With the increase of the amount of extraction solvent, the extraction capability increased, and the EF increased as a result. However, when the amount of extraction solventwas increased, the volume of the sedimented phase also increased, which resulted in the reduction of EF of the analyte. Therefore, there was a point, and when the amount of extraction solvent reached this point, the EF peak value was reached. In this paper, the volume of 65 mL was chosen as the optimum extraction solvent amount.
Optimization of the volume of THF
The volume of disperser solvent affects the formation of the cloudy suspension and the solubility of extraction solvent in the water sample, which influence the extraction efficiency. To investigate the effect of the disperser solvent volume on the extraction efficiency, various volumes of THF (140, 180, 220, 260, 300 and 340 mL) containing 65 mL [BMIM][PF6] were tested. As shown in Figure 5 , the EF of the analyte first increased and then decreased by increasing the volume of THF. At low volumes of THF, the cloudy suspension was not formed completely, so the EF of analyte was low; however, at highvolume THF, the solubility of [BMIM] [PF6] in aqueous phase increased, and therefore the EF decreased. According to the results, 260 mL THF was chosen to obtain a high EF.
Selection of the content of NaCl
The addition of salt has an important effect on the extraction efficiency in the RTIL -DMLLE technique. Salt can decrease the solubility of the extraction solvent in the aqueous phase and thus improves the extraction performance by increasing the ionic strength of sample solution.
In this experiment, the salt concentration was investigated in a certain range [0, 5, 10, 15, 20, 25, 30% (w/v)]. The volume of the settled phase was not enough for HPLC injection when the concentration of NaCl was lower than 10% (w/v), at which the obtained [BMIM] [PF6] phase floated on the sample solution, and could not be acquired when the concentration of NaCl was 30% (w/v). Results are shown in Figure 6 . As shown in the figure, the EF of the analyte increased along with the increase of salt concentration from 10 to 25%. According to the results, 25% was chosen as the optimum concentration of salt.
Effect of volume of water sample
During the DLLME process, the volume of water sample can influence the sample-to-sedimented phase ratio. Generally speaking, the larger the ratio between the water sample and the settled phase, the higher the EF obtained. To examine the effect of water sample volume, a series of volumes of 6, 7, 8, 9 and 10 mL were evaluated. The enrichment factors are given in Figure 7 . With an increase of the volume of the aqueous sample from 6 to 8 mL, the EFs of the analyte increased gradually. No distinct changes were observed in the EF for higher water sample volume. At a low water sample volume, the sampleto-sedimented phase ratio was small, which led to a low EF of extraction. As the volume of water sample increased, the EF also increased. However, when the volume of the water sample reached 8 mL, the growth of EF was not obvious. Therefore, to conserve resources, 8 mL was adopted for further use.
pH of water sample
The pH of the water sample is expected to induce a significant impact on the extraction efficiency. This is because the pH of 
Other factors
Extraction time: in the DLLME procedure, the rate of extraction is extremely fast (only a few seconds). According to the preliminary experiments, after the injection of RTIL and shaking softly a few times, the aqueous sample could be centrifuged directly.
Centrifugation time: in this paper, the maximum rate of 4,000 rpm was used to gain the largest separation extent in a shorter time. We found that when the centrifugation time reached 10 min, the EF became constant, so the centrifugation time was set at 10 min. 
Optimized extraction conditions
Analytical features of the method
The parameters such as linear range (LR), reproducibility, limits of detection (LODs) and extraction efficiencies were investigated under the optimized conditions to evaluate the proposed method performance. The results are summarized in Table I . Linearity was observed in the range of 2 -1,000 mg/L with correlation coefficient (r 2 ) at 0.9999. The reproducibility, or relative standard deviation (RSD), was studied from six replicate extractions of spiked water samples at three different concentration levels of 20, 100 and 200 mg/L. The average extraction recoveries for the analyte were 97.8%, 96.5% and 96.9%, respectively. The corresponding RSDs were 1.8%, 1.3% and 1.3%. The sensitivity of this proposed method was determined by LODs, based on a signal-to-noise ratio of 3. The obtained value was lower than the value given by Japan, which allows a maximum concentration of 10 mg/L of dichlorvos for tap water and environmental water (24) .
Real water sample analysis
The practical applicability of the developed method was evaluated by extracting dichlorvos from different sources water samples, including tap water, farm water and rain water. Each sample was spiked with the target analyte at three different concentration levels of 20, 100 and 200 mg/L and analyzed in triplicate using the DLLME procedure. Figure 9 shows the typical chromatogram of dichlorvos after DLLME in blank water and spiked water. The results showed that the analyzed water samples were free of dichlorvos contamination. The relative recoveries of the analyte in three water samples are listed in 
Conclusions
In this paper, a new RTIL -DLLME method combined with HPLC -UV was developed for the determination of dichlorvos in water samples. Employing [BMIM] [PF6] as the extraction solvent in DLLME gained several advantages: it reduced the exposure danger of the toxic solvent used in the conventional extraction process, enhanced the sensitivity and shortened the operation time. To evaluate the developed method, we compared the developed method with two other available methods (25, 26) that have been used in the determination of dichlorvos. Results are shown in Table III. According to Table III , it is clear that the developed method has a wider linear range (the ratio between upper and lower limit of linear range is 500) and lower LOD, and the equipment used in the developed method are simpler and more economic. In addition, the performance of the method in the extraction and determination of dichlorvos from tap water, farm water and rain water was perfect, showing a relative recovery of 95.6 -102.4% and RSD of 0.6 -3.1%. All of these facts indicated that RTIL -DLLME can be employed as an appropriate method for the trace determination of dichlorvos.
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